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GROUND-WATER POLLUTION 
FROM NATURAL GAS AND OIL PRODUCTION IN NEW YORK 


By 
Leslie J. Crain 1/ 


ABSTRACT 


The production of natural gas and oil (crude oi lor petroleum) has a 
long history in New York. Natural gas is produced throughout the central 
and western part of the State whereas oil production has been limited 
mainly to Allegany and Cattaraugus Counties. 


Ground-water pollution resulting from leakage of natural gas wells 
has usually been in the form of salt water or the gas itself. However, 
such pollution has generally been very local and is usually difficult to 
separate from natural contamination. 


Oi 1 production, and particularly the secondary recovery of oil by the 
water-flooding method, has resulted in the pollution of ground- and surface- 
water supplies with oil and salt water. Pollution from active oil fields 
has been caused by separator units that dispose their wastes on the ground, 
and by leakage and spi llage from wells. Pollution in abandoned fields is, 
usually caused by the upward movement of oi 1 and salt water, under artesian 
pressure, through uncapped or leaking wells. 


Oi 1 pollution has been reported only from those areas where the active 
or abandoned fields are populated. The problems of oil pollution are 
expected to increase in the future as other areas in the oil fields become 
populated or are developed for sources of water supply. Pollution from 
abandoned fields especially is expected to increase. 


Additional study will be needed to del ineate the areas now polluted, 
the manner in which the pollution is occurring, and to examine ways in 
which to e1 iminate such pollution. 


1/ Hydrologist, U.S. Geological Survey, Albany, N. Y. 
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INTRODUCTION 


Oi 1 (crude oil or petroleum), natural gas, and associated salt water 
contaminate ground-water supplies in some areas in western New York State. 
The contaminants usually reach sufficient concentrations to impart an 
unpleasant taste or odor that may interfere with its usage. The purpose 
of this report is to examine the possible natural and manmade sources of 
these contaminants, and to discuss some of the specific effects of oi 1 
and gas development upon ground-water quality in the region. 
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His to ry 


The natural occurrence of oil, gas, and salt-water springs was known 
to the early settlers of western New York State (Hall, 1843). Even before 
the settlers came, the Indians collected oil from the famous Seneca Oil- 
Spring near Cuba (fig. 7). Another famous oi 1 spring was in the town of 
Freedom in Allegany County, and the area around Canandaigua Lake was noted 
for its many gas seeps. 


The oi 1 and gas springs or seeps were rare enough to attract wide- 
spread attention and many attempts were made to exploit them. The 
scarcity of natural springs and seeps is to be expected because gas and 
oi 1 can accumulate in the earth only if their upward migration through 
rock formations is prevented by some impermeable obstacle; otherwise they 
would rise to the surface and escape. Therefore, the oil and gas seeps 
must be regarded as rather uncommon "leaks" in the oil and gas reservoirs. 
In no area of the State, with the possible exception of Oil Creek near 
Cuba, does the natural discharge of gas or oi 1 at the land surface appear 
to have been large enough to contaminate water suppl ies. 


Springs containing salty water are common in western New York and 
often render surface water and shallow ground water unfit for human 
consumption. These springs are generally found in the outcrop area of 
Silurian rocks containing deposits of rock salt, about the latitude of 
43 degrees. Few of these springs are related to the salty water that is 
found at depth throughout central and western New York and that is 
associated with oil and gas reservoirs. 
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Because the existence of the oil and gas seeps indicated that large 
reservoirs of gas and oi 1 might underl ie the area, extensive drilling for 
oil and gas has taken place in central and western New York. Most of this 
exploration took place before the turn of the century when thousands of 
test and producing wells were drilled in the State. Gas production has 
been important throughout the central and western part of the State, with 
several counties containing producing gas fields. Oil production has been 
confined principally to Allegany and Cattaraugus Counties, with some small 
production in Steuben and Chautauqua Counties. 


Ground-Water Pollution from Oil and Gas Production 


The drilling of deep wells to produce oi 1 and gas has b
ought these 
two materials to the earth's surface along with the salty water that is 
often associated with them. It is safe to say that these three products 
are now found in the near-surface environment in much greater quantities 
and over larger areas than can be accounted for by natural discharge. 


Oi 1 Production 


Almost all of the oil fields in New York State have been under 
intensive development since the latter part of the last century. Most of 
the oil that could be recovered through the initial development and 
pumpage of these fields was obtained before the turn of the century. 
Following this initial development was a period of decl ining activity. 
Then it was discovered that water, leaking into some of the older wells, 
caused an increase in yields of oil from nearby wells. The water 
replaced the oil in the formations and forced it toward adjacent wells._ 
This discovery initiated the use of water flooding for the secondary 
recovery of oil from the fields in western New York, a practice which is 
continuing to this day. 


To recover the optimum amount of oil through the water-flooding 
method, the oil-bearing formations are first fractured by high explosives, 
thereby increasing their permeabilities. Then water is pumped down 
selected wells, and a mixture of water and oi 1 is pumped from adjacent 
wells into a separator. A typical separator, as shown in figure 1, 
usually consists of a tank in which the oil, being lighter than the water, 
separates from the water and floats to the top where most of it can be 
withdrawn. If the oi i-water mixture contains sufficient natural gas, 
this too may be withdrawn. The water is disposed of as waste, usually 
by discharging it into shallow settling pits where the water seeps into 
the surficial deposits. Figure 2 shows examples of these settling basins. 
Note the waste oil in the basins. 


Even though the water pumped into the wells to flood the reservoirs 
is fresh, the water pumped from the wells and discharged from the sepa- 
rators is usually very high in salt content. This is because salty water 
is found at depth throughout western New York and has been reported above 
and below the oil-bearing formations (Kriedler, 1953). The fresh water 
pumped into the wells mixes with the salty water at lower depths and 
becomes contaminated. 
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Figure l.--Diagram of a typical oil separator. 
(After Cochran and others, 1957.) 
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Figure 3.--0il leakagE" around an active well. 
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Figure 2.-- Two examples of settling basins receiving discharge of wastE" water from separators. 
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Figure 4.--Leakage through an older, wooden separation tank. 
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Thus, both oil and salt water are discharged during normal operations 
in an active oi 1 field and eventually find their way into both streams and 
ground-water bodies, causing pollution. 


Pollution in the area of the oil fields is also caused by leaking 
wel'ls, pipelines, and separation tanks. Many of these installations are 
quite old and sometimes in a state of disrepair, which increases the 
leakage problem. Figures 3 and 4 show examples of leakage around an oil 
well and through a separation tank, respectively. This spilled oil and 
salt water can soak into the ground and reach the water table. It should 
be pointed out that such leakage of oil on the land surface is not 
intentional. Because oil is the desired product of the wells, every 
attempt to salvage as much as possible is usually made. 


Abandoned oil wells and test holes may also present a problem if they 
are not properly sealed and plugged. A producing oil well is usually 
abandoned when it is no longer economically feasible to recover the oil, 
and test holes are abandoned when not enough oil is found to justify 
development. In either case, a considerable quantity of oil may be left 
in the formation. The oil and associated salt water can migrate upward 
through the well and eventually discharge at the land surface. The lift 
to the surface is provided by either the regional or local ground-water 
flow s y stem s . 


The regional flow system develops in response to the head difference 
between the Appalachian Uplands to the south and the lowlands to the 
north. Because of breaks in the well casing, many of the oi 1 wells 
intercept the deeper flow system and provide discharge paths to the land 
surface. However, the amount of water moving through the regional flow 
system is not large and, therefore, the discharge at the land surface i
 
usually not great. The regional discharge is probably still large 
enough to flush small quantities of oil and salt water toward and to 
the land surface. 


Local flow systems provide what is probably the greatest potential 
discharge of oil and salt water through abandoned wells. Water moves 
through these systems from the hi lls to nearby valleys. Under natural 
conditions only small amounts of water move through the deeper parts 
of the local flow systems. However, the development of oil fields often 
"short-circuits" the natural flow paths. 


Some of the most important short-circuits are shown in figure 5. 
For example, oil wells are commonly drilled quite closely spaced in an 
oi l-bearing formation, providing many flow paths to the surface. Also, 
the formations are artificially fractured, increasing their permeability. 
Thus, water in the uplands, moving downward through the natural flow 
system, may find an easier route through the fractured oil reservoirs, 
then upward through the abandoned wells, and into the valleys. Such a 
situation could cause a larger amount of salt water and oil to be 
discharged into the surficial environment in the lower-lying areas than 
would be discharged under natural conditions. 


- 6 - 




\ 
\ 
\ 
\ 
\ 
\ 
\ 
'\ 
'\ 
'\ 
" 
, 
" 
" 
"" 

 


+-' 
co 
C/)_ 
'0.0 
"'0 
(D C 
OJ CO 
;oID 
.!:+-' 
U co 
.CE $: 
o 


c_ 
o.- 
.- 0 
ro'O 
E 
'-(D 
0,- 
.....:J 
OJ
 
C._ 
.;: E 
aJ g' ID 
.D._ +-' 
....!...c co 
'o.
 $: 
"'Oc.:!: 
(DO CO 
CUC/) 
0$:"'0 
-goc 
COCCO 
.D 
« 


.- 
o 
] 
c: 
o 
-0 
c: 
CO 
...c 
CO 
c: 
CO 
..r:. 
01 
:J 
o 
1- 
..r:. 
+-' 


-0 
(1) 


4- 


uC/) 
.-"'0 
-c 
:J co 
co- 
'-0.. 

:J 
.!:C 
(DC/) 
C(D > 
.


 
U(DCij 

.D > 
'- "'0 "'0 
(DCO c 


 co 
o 


o 
-0 
c: 
CO 


1- 
(1) 
.1-1 
CO. 
3 


+-' 


CO 
CJ') 


4- 
o 
(1) 
01 
1- 
CO 
..r:. 
u 
CJ') 



OJ 
:JC 
0'- 
'-
 . 
OJCO- 
.....
(ij 
o'-$: 


E 
OCO c 
N $:.- 


C 
I 
I 
L/\ 
(1) 
1- 
:J 
01 
lL. 


\ 
\ 
\ 
ro\ 
"%\ 
.... \ . 
ro.\ 

 

\ 
\ 
\ 



 
co 


 
-goo 
:J> 
OC/) 
OJ$: 
-0 
co_ 
'-..... 

 
co 
Z 


- 7 - 



Besides being a potential pollutant itself, the salt water found in 
the oil wells has another detrimental effect, namely that it causes the 
rapid corrosion of the steel well casings. Therefore, a corrective 
measure to stop pollution, such as capping a well, may be only temporary 
because the water eventually corrodes the casing away. 


Gas Production 


When an oil or gas well is first dri lled into a productive formaiion 
the pressure in the reservoir is usually great enough to force the oil or 
gas to the surface. After a time the pressure will decline and the well 
will stop flowing. After the natural flow has stopped, an oil well would 
be pumped and then flooded, but a gas well usually will be a
andoned. 


There is a basic difference between oil and gas wells. Unlike oil 
wells, gas wells are tightly cased and all water is excluded, if possible, 
because water interferes with the recovery of the gas. But when the gas 
is exhausted and the well abandoned, some salty ground water may enter the 
well at depth and be discharged upward. In fact, many old gas wells have 
been noted in western New York that were flowing a poor-quality water at 
the land surface. Also, some gas may still be escaping upward and it is 
possible that it may enter the shallower water-bearing deposits. However, 
only a small amount of water is usually discharged by gas wells tapping 
the deep flow sys
ems and much of the gas dissipates at the land surface. 


In the current studies being carried out in New York State, no 
significant regional pollution due to gas wells has yet been found. 
However, because of their sheer numbers in western New York, gas wells 
have been reported as local sources of pollution. Figure 6 shows areas 
of western New York (after Kreidler, 1959) where many gas wells and test 
wells have been drilled. Large numbers of wells, especially test wells, 
are also scattered outside of the areas shown. Obviously, with so many 
wells drilled, some areas of local pollution have developed. This local 
pollution is usually caused by salt water and has resulted when water 
wells are dri lled too close to an abandoned gas well that is discharging 
salty water. Wells some distance away may not be affected because the 
salty water is diluted by fresh ground water. 


Because salt water and natural gas are so widely distributed at 
depth in western New York, it is often difficult to tell how much of the 
pollution from salt water and gas is natural and how much has been 
facilitated by gas-well drilling. Only in areas where salt water and 
gas are found near, or at the surface, and can be related to nearby gas 
wells, is it possible to be certain of the origin of the contaminants. 
Otherwise, it may be nearly impossible to distinguish between natural 
and man-influenced sources of pollution. 


In conclusion, pollution of ground water through gas wells does not 
appear to be a significant problem in New York because: (1) natural gas 
is easily dissipated at the land surface; and (2) gas wells do not usually 
tap formations containing large quantities of salt water. Further, natural 
gas is such a common constituent of many of the bedrock wells throughout 
the State that it is difficult to relate its occurrence directly to gas 
we 1 Is. 
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How Widespread is Oil-Well Pollution ? 


That part of western New York underlain by active or inactive oil 
fields has the greatest potential for oil-well pollution. Figure 7 (after 
Whorton, 1957) shows the locations of these fields in western New York, with 
the exception of a small area in Chautauqua County. 


During recent water-resources investigations that have been conducted 
by the U.S. Geological Survey in the area shown in figure 7, in cooperation 
with the New York State Division of Water Resources, several areas of' 
apparent pollution by oi 1 wells were noticed. Because the investigations 
covered extensive regions of the State, all of the problem areas of oi 1- 
well pollution were not adequately described. Instead only some general 
areas of pollution were noted. 


Among the areas of oil pollution noted were the valleys of Chipmunk 
and Knight Creeks (fig. 7). Residents using ground-water supplies in both 
of these areas have complained of the presence of an oily taste and odor in 
their water. The taste and smell of oil can be detected in water with oil 
concentrations as low as 0.1 mgll (milligram per liter) according to McKee 
and Wolfe (1963, p. 230). Very few water samples were collected in these 
areas and none were collected for the specific purpose of measuring oil 
contamination. However, the chloride content was measured in samples 
collected from selected wells. Because the water derived from the oil 
wells has a very high chloride content, chloride is an excellent indicator 
of pollution in areas where it is not usually present in large amounts. 
For example, a water sample for one well in the Chipmunk Creek area had 
about 70 mgll of chloride. Because the natural chloride content of waters 
in the area is less than 10 mgll, the additional chloride is believed to be 
due to pollution from oil-well brines. Surface-water samples from Chipmunk 
Creek showed an increase in chlorides from about 50 to more than 4,000 mg/l 
in a downstream direction. Samples of streams in the oil-field areas of the 
Genesee River basin showed chloride concentrations of as much as 2,300 mgll, 
certainly many times the content due to natural sources. The surface-water 
samples were collected at times of low flow when the water in the streams 
was probably a combination of direct discharge from separation tanks and 
the discharge of contaminated ground water. 


Most of the valleys of the streams with high chloride waters also 
contain active oil fields. Therefore, much of the pollution is probably 
due to the discharge and leakage from wells and separators as shown in 
figures 2, 3, and 4 which were photographed in western New York during 
1967. 


There would probably be more complaints about pollution from oil 
production, except that much of the present pollution still passes unnoticed, 
either because it occurs in a sparsely populated area or because it does not 
yet affect the population. Diagram A in figure 8 shows an example of how 
pollution may be present but not harm the local water supply in a typical 
valley in western New York that has very little ground-water development. 
The abandoned oil wells shown in the figure could just as well be active 
wells or separators. The oil and salt water discharged by the wells move 
into the unconsolidated aquifer where the salt water tends to disperse in 
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A.--Little ground-water development. 
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B.--Intensive ground-water development. 
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Figure 8.--Generalized diagrams of western New York valleys showing the 
occurrence of oil in ground water. 
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in the ground water. The oil, however, tends to float on top of the ground 
water and to rise and fall with the water table. A drilled well tapping 
this aquifer would case off the oil floating on the top of the water table, 
little if any oi 1 would enter the water supply, and the user of the well 
might not notice any deterioration of water quality. This would especially 
be true if the bottom of the well were considerably below the water table, 
and if the concentration of chloride due to the salt water was below the 
taste threshold (about 250 mg/l). 


But if the same valley, as shown in diagram B of figure 8, were put 
under intensive ground-water development, the pumpage might be enough to 
substantially lower the water table so that oil or some of the soluble 
components in that ground water might enter the wells, causing odor and 
taste problems. As the amount of fresh ground water in storage was reduced, 
the proportion of sal
 water in the aquifer would increase, perhaps exceeding 
the taste threshold. Now this area would have a pollution problem from oil 
production that had not previously been suspected. 


The above situation may be common in much of the area in western New 
York. Observations and water-quality measurements showed that oil and salt 
water are undoubtedly being introduced into the ground-water body. That the 
problem is not more evident is probably because many of the oil-field areas 
are either unpopulated or very lightly populated. 


Will the Problem Grow or Diminish? 


Whether pollution from oil production will increase or diminish in the 
future will depend primarily upon whether the number of active and abandoned 
wells increases or decreases, and upon whether the oi l-field areas become 
more populated or are subjected to increased withdrawals of water. 


Unless a new method of oil recovery comes into use (which is a distinct 
possibility), the number of active fields will probably decrease in the near 
future. In any event, the fields will eventually be depleted and abandoned. 
Therefore, the pollution caused by leaking wells and pipelines, and by 
separator wastes, will eventually decl ine. However, by the same token, the 
number of abandoned wel1s wi 11 increase, the condition of the abandoned 
wells will deteriorate as casings corrode, and, therefore, the problems of 
pollution by abandoned wells will undoubtedly increase. Also, as the 
population of western New York increases and as new sources of water supply 
are developed, many of the present polluted areas wi 11 cause problems. Not 
only will the polluted aquifers themselves be problems but any development 
that affects the hydrology of the area, such as bui lding reservoirs in old 
well fields and inducing ground-water recharge from polluted streams, may 
lead to additional pollution in areas where it has not occurred previously. 


For the above reasons the potential problem of oil pollution is almost 
certain to increase in the future. However, it is necessary to determine 
the present magnitude and character of the problem before possible 
corrective measures can be undertaken. 


- 13 - 



SUGGESTIONS FOR FUTURE STUDIES 


The first step that should be taken is to delineate more exactly the 
areas involved and to determine the magnitude of the pollution in these 
are
s. 


This could be done by conducting a sampl ing program to determine the 
actual effects of oil and gas wells on the natural chemical quality of 
ground water. This would be achieved by sampling at least three . 
hydrologically similar areas in western New York: (1) a control area with 
no oil- or gas-well development; (2) an area with active oil and gas wells; 
and (3) an area with abandoned oil and gas wells. In this manner, the 
types and amount of pollution caused by oil and gas wells could be 
determined. At the same time a regional picture of the pollution problem 
could be drawn by sampling in all areas of potential pollution. 


Both of these sampling programs should include the collection of water 
from both shallow and deep aquifers, as well as from streams. The programs 
should also sample water from some of the oil and gas wells themselves and 
should delineate areas that are downstream from oil and gas fields and that 
might be susceptible to recharge from oil- or salt-water polluted streams. 
In conjunction with the sampling program the water levels in abandoned oil 
wells should be measured to determine the regional heads in the oil-bearing 
formations, and to determine whether the assumptions about local ground- 
water flow systems shown in figure 5 are correct. 


It also may be desirable to collect samples of some of the aquifer 
materials themselves to determine the effect of the oil on the charac- 
teristics of the aquifer. For example, if the water table in a sand and 
gravel aquifer that was contaminated by oil were to fluctuate 10 feet over 
the year, it might be found that much of the oi 1 was adsorbed or was 
adhering to the sand and gravel. This might cause irreparable damage to 
the hydraulic and chemical properties of the aquifer. 


After the magnitude and character of the pollution problem have been 
defined, it will be possible to determine: (1) areas where pollution is 
increasing or decreasing; (2) how pollution has already affected the 
aquifers; (3) what effect future development or abandonment of wells will 
have; (4) what steps can be taken to end the sources of pollution; and 
(5) what steps may be taken to clean aquifers already polluted. 
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